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Discussion forum
The importance of bilingual experience in
assessing bilingual advantages in executive
functions
Hwajin Yang a,*, Andree Hartanto a and Sujin Yang b
a Singapore Management University, Singapore
b Ewha Womans University, Republic of Korea
Paap, Johnson, and Sawi (2015) contend that bilingual advan-
tages in executive functions (EF) do not exist, and that there is
no compelling evidence that a certain bilingual experience
hones a specific component of EF (p. 272). We believe that this
conclusion is premature, because Paap et al.'s approach was
not sufficiently refined to effectively capture the real-world
complexity of bilingualism. In this commentary, we draw on
the adaptive control hypothesis (Green & Abutalebi, 2013) and
argue that studies of bilingualism should consider specific
bilingual experiences that potentially moderate bilingual ad-
vantages through substantial demand for language control
(for similar commentaries, see Marzecova, 2015, and
Woumans & Duyck, 2015). Based on this framework, we
address two issues that have received relatively little atten-
tion in the literature and even less in this discussion forum:
the interactional context of bilinguals' conversational ex-
changes and the age of active bilingualism.
First, Paap et al. (2015) claim that there is no coherent ev-
idence that language balancedwhich is conceptualized as
proficiency in L2 relative to L1dinfluences EF. Although lan-
guage balance reflects the ability to manage competition be-
tween two languages, it does not necessarily signify high
demand for language control. Therefore, we contend that the
conceptualization of language balance should be refined by
considering bilinguals' varied interactional contexts. Accord-
ing to the adaptive control hypothesis, perfectly balanced bi-
linguals can be categorized based on the interactional context
of their conversational exchanges. Specifically, the theory
holds that the dual-language context (DLC)din which bi-
linguals use two languages within the same context (e.g., both
L1and L2 at home and work)drequires a more taxing level of
language control, and therefore should better facilitate adap-
tive cognitive-control skills than either the single-language
context (SLC)din which bilinguals speak only one language
in one environment and therefore rarely switch languages
(e.g., L1 at home and L2 at work)dor the dense code-switching
contextdin which bilinguals routinely mix linguistic ele-
ments of two languages within a single utterance, i.e., intra-
sentential code-switching.
In light of these distinctions, we examined the effect of a
bilingual's interactional context on switch costs in a typical
task-switching paradigm by comparing DLC bilinguals (n ¼ 75)
and SLC bilinguals (n ¼ 58) who were comparable on de-
mographic characteristics, general cognitive and language
abilities, and language-use characteristics (Hartanto & Yang,
in press). Note that because of the prevalence of English-
based creole in Singapore, our DLC and SLC bilinguals likely
perform intrasentential code-switching. We found that DLC
bilinguals showed significantly smaller switch costs than SLC
bilinguals despite DLC bilinguals' engagement with intra-
sentential code-switching, which positively (but moderately)
predicted switch costs. Our findings suggest that a bilingual's
interactional context of conversational exchanges is critical
for predicting bilingual advantages in specific aspects of EF.
Another issue concerns the age of L2 acquisition (hereafter
called “AoA”). It seems reasonable to believe that longer
experience with language control would, over time, enhance
cognitive control. Consistentwith this supposition, Luk, De Sa,
and Bialystok (2011) have found that early bilinguals exhibit
smaller flanker effects than late bilinguals and monolinguals.
In contrast, Paap et al. (2015) claim that a number of subse-
quent attempts to conceptually replicate Luk et al.'s findings
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Table 1 e Summary of studies comparing early and late bilinguals in executive function tasks.
Study Conceptualization of
bilingualism
duration
Sample size (mean
age)
Cut-off age
&mean AoA
% Use (L1:L2) Proficiency
(L1:L2)
Task Bilingual advantages
Luk et al. (2011) Age of active
bilingualism
(i.e., speaking
two languages daily)
M (N ¼ 38, Mage ¼ 21.1)
EB (N ¼ 43, Mage ¼ 21.1)
LB (N ¼ 43, Mage ¼ 21.3)
10
EB (MAoA ¼ 5.1)
LB (MAoA ¼ 15.9)
EB (L1z L2)
LB (L1 > L2)
Flanker EB advantage in conflict
resolution (i.e., flanker effect)
Tao et al. (2011) Age of immersion in L2
environment
M (N ¼ 34, Mage ¼ 20.4)
EB (N ¼ 36, Mage ¼ 18.9)
LB (N ¼ 30, Mage ¼ 20.8)
6
EB (MAoA ¼ 2.9)
LB (MAoA ¼ 7.8)
EB (25:75)
LB (59:40)
EB (L1 < L2)
LB (L1 > L2)
LateralizedANT EB advantage in attentional
monitoring (global RT)
EB & LB advantage in
efficient executive network
LB advantage in conflict
resolution
Tse and Altarriba (2012) Age of active
bilingualism
B (N ¼ 110, Mage ¼ 19.48) Stroop AoA positively predicts
Stroop interference
Poarch and van Hell
(2012) Experiment 1
Age of bilingual
immersion
M (N ¼ 20, Mage ¼ 7.1)
EB (N ¼ 18, Mage ¼ 6.8)
ET(N ¼ 18, Mage ¼ 6.8)
SLL(N ¼ 19, Mage ¼ 6.9)
EB (MAoA ¼ 4.2)
ET (MAoA ¼ 4.8)
SLL (MAoA ¼ 5.6)
EB (L1zL2)
ET (L1 > L2)
SLL (L1 > L2)
Simon ET advantage over M in conflict
resolution (i.e., Simon effect)
Experiment 2 Age of bilingual
immersion
EB (N ¼ 19, Mage ¼ 7.3)
ET(N ¼ 18, Mage ¼ 7.5)
SLL(N ¼ 19, Mage ¼ 7.6)
EB (MAoA ¼ 4.2)
ET (MAoA ¼ 4.8)
SLL (MAoA ¼ 5.6)
ANT EB & ET advantage over SLL in
conflict resolution (i.e., flanker
effect) and orienting
Kapa and Colombo
(2013)
Age of L2 production M (N ¼ 11, Mage ¼ 9.7)
EB (N ¼ 21, Mage ¼ 9.1)
LB (N ¼ 36, Mage ¼ 9.9)
3
EB (MAoA ¼ 2.1)
LB (MAoA ¼ 4.9)
Child version
ANT
EB advantage in attentional
monitoring (global RT)
Kalia et al. (2014) Age of L2 exposure M (N ¼ 42, Mage ¼ 19.5)
EB (N ¼ 40, Mage ¼ 19.8)
LB (N ¼ 23, Mage ¼ 19.7)
6
EB (MAoA ¼ 1.9)
LB (MAoA ¼ 9.6)
ACNNT
(sorting task)
EB & M advantage over
LB in accuracy
Paap et al. (2014) Age of L2 acquisition M (N ¼ 119, Mage ¼ 24.8)
EB (N ¼ 91, Mage ¼ 23.3)
LB (N ¼ 55, Mage ¼ 25.6)
6
EB (MAoA ¼ 3.9)
LB (MAoA ¼ 10.8)
EB(70:30)
LB(64:36)
EB (L1 > L2)
LB (L1 > L2)
Flanker, Simon,
Task-switching
EB advantage in monitoring
(mixing costs)
LB had smallest flanker effect
Pelham and Abrams
(2014)
Age of L2 fluency M (N ¼ 30, Mage ¼ 19.3)
EB (N ¼ 30, Mage ¼ 20.3)
LB (N ¼ 30, Mage ¼ 22)
7
EB (MAoA ¼ 4.9)
LB (MAoA ¼ 17.9)
EB(38:59)
LB(60:35)
EB (L1 z L2)
LB (L1 > L2)
ANT EB & LB advantage in
incongruent trials (RT)
Struys et al. (2015) Age of L2 acquisition SM (N ¼ 18, Mage ¼ 5.4)
EB (N ¼ 16, Mage ¼ 5.4)
3
SM (MAoA ¼ 0)
LB (MAoA ¼ 3þ)
Simon SM advantage in global
Simon accuracy
Yow and Li (2015) Age of L2 acquisition B (N ¼ 72, Mage ¼ 20.93) B (MAoA ¼ 3.1) Stroop, Flanker,
N-back,
Task-switching
AoA positively predicts
Stroop interference
Note. L2 ¼ Second language; M ¼ Monolinguals; B ¼ Bilinguals; EB ¼ Early bilinguals; LB ¼ Late bilinguals; ET ¼ Early trilinguals; SLL ¼ Second-language learners; SM ¼ Simultaneous bilinguals;
ACNNT¼Auditorily Cued Number Numeral Task; ANT¼Attention Network Test. Age of bilingual immersion in Poarch and van Hell (2012) was calculated by subtracting the length of immersion from
chronological age.
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have not been successful (see Table 1). It should be noted,
however, that previous replication studies are not directly
comparable to Luk et al.'s for several reasons. First, those
studies conceptualized AoA quite differently. For instance,
Luk et al. conceptualized AoA by using the onset of active
bilingualism, while others conceptualized it as the age of
immersion in the L2 environment (Tao, Marzecova, Taft,
Asanowicz, & Wodniecka, 2011); age of L2 production (Kapa
& Colombo, 2013); age of first exposure to L2 (Kalia,
Wilbourn, & Ghio, 2014); and age of L2 fluency (Pelham &
Abrams, 2014). Consequently, the specific age criteria used
to classify early and late bilinguals differed across those
studies. Furthermore, prior replication studies employed
various tasks, and therefore their parametric variations could
have altered participants' responses through varying levels of
task demand, which was shown to modulate bilingual ad-
vantages in conflict-resolution tasks (Costa, Hernandez,
Costa-Faidella, & Sebastian-Galles, 2009; Yang & Yang, in
press). Specifically, Luk et al.'s flanker task employed a simple
fixation cue preceding different types of flankers, whereas
other studies used variants of the ANT in which diverse types
of cues coupled with different flankers imposed varying de-
mands. Therefore, prior studies' inconsistencies can be
attributed in part to methodological differences. Lastly,
although prior replication studies failed to demonstrate early
bilinguals' advantages in flanker effects, it is notable that they
reported early bilinguals' greater efficiencydover late bi-
linguals or monolingualsdin conflict resolution (Poarch& van
Hell, 2012; Tse & Altarriba, 2012; Yow & Li, 2015) and mon-
itoringde.g., faster overall RT (Kapa & Colombo, 2013; Tao
et al., 2011); faster RT on incongruent trials (Pelham &
Abrams, 2014); greater overall accuracy (Struys, Mohades,
Bosch, & van den Noort, 2015); and smaller mixing costs
(Paap, Johnson, & Sawi, 2014).
Given the adaptive control hypothesis, we argue that AoA
is a broad and vague conceptualization and does not suffi-
ciently delineate the complex interplay between a person's
history of using two languages and the extent to which he or
she actively exercises language control. We recently exam-
ined this issue by employing the propensity-matching tech-
nique, which allows us to recreate a subset of matched
samples on various factors and thereby mitigates the prob-
lems posed by a lack of randomization (for related commen-
taries, see Jared, 2015; and Paap, Johnson, & Sawi, 2016). We
adopted Luk et al. (2011) criteria to classify early and late bi-
linguals and matched them on 18 nonlinguistic varia-
blesde.g., various demographic characteristics, physical
exercise, state anxiety, task motivation, video-game experi-
ence, and musical training. Our preliminary analysis showed
that early bilinguals exhibited significantly smaller flanker
effects than late bilinguals on the ANTI-Vigilance task (Roca,
Castro, Lopez-Ramon, & Lupianez, 2011; our Experiment 1,
n ¼ 131) and on the same flanker task Luk et al. employed (our
Experiment 2, n ¼ 101; Hartanto & Yang, 2015b). Notably,
despite the conceptual overlap between the age of active
bilingualism and the age of fluency (Pelham & Abrams, 2014),
we found that the magnitude of correlations between those
two conceptualizations was not substantially high, and varied
across different samples (r ¼ .52 in Experiment 1; r ¼ .30 in
Experiment 2). This suggests that various conceptualizations
of AoA are manifested quite differently across various sam-
ples. Therefore, it is probable that different degrees of reli-
ability of various indices of AoA explain the divergent
outcomes reported in the literature.
To conclude, bilingualism in itself involves complex
cognitive and linguistic experience with varying attainment
levels and bilingual profiles, which unfolds over the lifespan
with amyriad of individual differences, among heterogeneous
populations, and across diverse sociocultural contexts.
Moreover, given the use of numerousmeasurements of EF and
their varying levels of complexity, it is not surprising that
divergent findings have emerged from studies intended to
elucidate the cognitive consequences of bilingualism. Appro-
priate caution, therefore, should be exercised when inter-
preting research findings and generalizing to other
populations. Together, although skepticism contributes to
open debate and healthy scientific progress, without a more
finely grained theory, rigorous methodology, and sophisti-
cated statistical approach, it is inappropriate to conclude that
bilingual advantages do not exist (for similar commentaries,
see Bak, 2015; van Heuven & Coderre, 2015; and Kousaie &
Taler, 2015).
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